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Abstract

Among many microbial pesticides, Bacillus thuringiensis is one of the most hopeful pesticide

and some commercial products have been appearing on the market.

Because these commercial products contain living spores and toxins of the organism, there is a

danger that living spores of B. thuringiensis may be scattered by wind and cause a great damage

in the sericulture areas.

In order to avoide these risks it is desirable to select the strain which has low pathogenicity to

the silkworm, and at the sametime being highly pathogenic to the pest insects.

Thus this study has been carried out to acquire some basic informations about the procedure of

desirable strain selection.

Three strains of B.thuringiensis var. kurstaki, var. dendrolimus and var. aizawai were used for

the pathogenicity test on the silkworm, Bombyx mori and the fall webwarm, Hyphantria cunea.

Those strains were investigated by the agarose gel electrophoresis patterns of plasmid DNA

determine whether mutation had occured.

Pathogenicity tests were carried out of using isolated crystal proteins and spore-crystal protein

to mixtures of each strain, seperatively.

In case of using spore-crystal protein mixture, the order of pathogenicity in varities of B. thurin-

giensis against B.mori and H.cunea were kurstaki, aizawai, dendrolimus and kurstaki, dendrolimus,

aizawal, respectively.

But using isolated crystal proteins, dendrolimus had the highest toxicity to H. cumea and the

lowest toxicity to B. mori among tested three strains. From the above results, dendrolimus was

presumed the most desirable strain for using microbial pesticide.
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Fig. 1. The photograph of isolated parasporal crystal
proteins which were formed a visible band
at the interface between the 67% and 30%
Renograffin layers after centrifugation(27000
g, 1hr), wusing fixed angle rotar.
(D; cell debris, C; crystal protein, S; spore)
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Table 1. Number and Estimated Size* of Extrachromosomal DNA Elements of Bacillus thuringiensis var.
kurstaki, var. aizawai, var. dendrolimus, and var. thuringiensis Isolated by the Agarose Gel

Electrophoresis.
Strain Serotype Plasmid masses (Md)
HD-1 kurstaki 3a, 3b 150, 65, 45, 37, 32, 10, 7.2, 5.6, 5.2, 1.5.
dendrolimus 4a, 4b 75, 65, 45, 37.
aizawaii 7 62, 37, 32, 8.5, 5.2, 4.2.
HD-2 thuringiensis 1 150, 75, 57, 54, 37, 32, 7.9, 7.2, 6.2, 5.2.

a. The number of plasmid size were determined by the agarose gel electrophoresis using the electron

microscopic sizes of plasmids of HD-2 as molecular weight markers.
b. Flagella serotype according to de Barjac’s classification (de Barjac, 1981)

Fig. 2. Agarose gel electrophoresis patterns of B.
thuringiensis strains (lane T; thuringiensis
HD-2, k; kurstaki HD-1, d; dendrolimus, a;
aizawai), using the Birnboim and Doly method
(1981).

In this gel, 20¢l of the sample mixture
was loaded in each slot. Electrophoresis was
carried out at constant current, 3mA for lhr,
followed by elecrtophoresis at 7mA for 1/2hr,
then at 28mA for 3hr. The gel was 0.6%
agarose. The molecular weight of the HD-2
strain plasmid are listed on the light-hand
margin for use as an approximate size scale.
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Table 2. The comparision of * estimated LDso in varieties of B. thuringiensis spore and crystal protein

mixture against H. cunea and B. mori

T Insect d instar B i | 4th instar B . h i H .

Strain —_— e 3rd instar B. mori Instar B. mori | 5th instar H. cunea | 6th instar H. cunea
aizawal 2.97 5.28 280. 54 403. 59
dendrolimus 454. 67 627.72 26. 27 18.04
kurstaki 1.72 2.15 7.78 6. 21

a) Unit is pg per ml
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Fig. 4. Linear regression for the mortality of the

fourth instar larvae of B. mori in varieties
of B. thuringiensis.
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Fig. 5. Linear regression for the mortality of the fifth
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Fig. 6. linear regression for the mortality of the six
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Table 3. The comparision of ® estimated LDso in varieties of B. thuringiensis crystal protein against

H. cunea and B. mori

3rd instar B. mori

i Insect
Strain

4th instar B. mori | 5th instar H. cunea‘ 6th instar H. cunea

aizawal 1.00
dendrolimus 23.05
kurstaik | 0.67

3.59 g 42480 | 436.53
136.31 8. 14 | 2.60
0.85 8.85 | 8.19

a) Unit is g per ml

Table 4. Mortality of the third instar larvae of B. mori in varieties of B. thuringiensis spore and crystal

protein mixture,

varial Aé_oprox. No. of No. of dead larvae with respect to each time (Hour) %gfa})f Mortality
epithet  (ug/mD ested L] 3 6 9 12 15 18 2 2 a0 48 | Sead [ ()
50 /1B 1 1 7 3 1 1 — — — 1 29 967
10 {10 — — 1 — 3 2 - 1 26 86.7
aizawal 2 30 4 — — — — —_ —_ — — 2 6 + 20
0.4 | — - - - - - 1 - 1 - 2 6.7
008 3|1 — - — = = = = = - 1 3.3
1,000 30 9 3 4 1 2 2 1 1 27 1 90
500 30 2 - 1 3 1 - 1 1 2 - 11| 367
dendrolimus 250 30 — — — 2 — 1 1 — 1 — 5 ! 16.7
125 00— -~ 1 1 1 = - = = — 310
625 30 | — 1 1 — — - — = — - 2 | 67
50 3 7 1 2 1 — 1 1 3 4 — 30 - 100
10 3! 10 — — — 2 1 4 6 5 — 28 93.3
kurstaki 2 30 3 - - — — 1 1 6 1 1 13 . 43.3
0.4 30 2 - = = = = = = 2 = 4 13.3
0.08 |- - - - - - - — — —1 9 0
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of wlg] oF 10~20f%, kurstakie] ]3] ok 40~70(% %
g Ao FERSATE 2.

REF ZEETS BET A fd% dendrolimus,
kurstaki, aizawaillf2 2 *}€l+} dendrolimus”} kurstaki
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Table 5. Mortality of the third instar larvae of B. mori in varieties of B. thuringiensis crystal protein.

varial A&prfgx. No. of | No. of dead larvae with respect to each time (Hour) gg’ta})f ‘Mortality
epithet  |(ug/mDjtested L. 3 6 9 12 15 18 21 24 3 48 | dead | (D)
‘i 50 2% — - - — 2 1 1 — — 30 100
10 |12 - - = - 2 4 3 6 2 29 96.7
aizawai | 2 30 7 - = = - 1 1 8 6 3 2 86.7
0.4 30 2 = = = = = = = - 6.7
! 0.08 0| — - = = = 1 - - = = 1 3.3
50 30 4 — - — 6 1 - — 8 2 21 70
10 30 2 — JR— 2 2 2 30
dendrolimus | 2 30 1 — — — —_ — — — — — 3.3
0.4 | - - - - - - - - - - 0 0
- 0.08 0] — = - = = = = = - - 0 0
‘ 50 30 ] 3 @ — - - - - - - - 30 100
10 30 | 26 1 1 - [ 1 - - 30 100
kurstaki | 2 30 § — - 1 1 2 3 6 6 1 28 93.3
0.4 3, 3 - = - - = = - - - 31 10
0.08 30 1 - == = = = = = = 1 3.3

Table 6. Mortality of the fourth instar larvae of B. mori in

protein mixture.

varieties of B. thuringiensis

spore and crystal

varial lAé)O;gé)x.i No. of No. of dead larvae with respect to each time (Hour) ggfai)f !Mortality
epithet ‘(ug/mD jtested L] 3 6 9 12 15 18 21 240 36 48 | Sead | (B
50 ! 3 /16 — 1 ¢+ 6 1 1 — 1 -— 30 | 100
10 | 30 1 — — 3 6 4 4 — 3 - 21 7
aizawai I - - = 2 — 2 1 — 1 - 6 20
0.4 0| — - - 1 - - - = - — 1 3.3
0.08 | - - - - = — = — — — 1 0 0
} 1,000 30 7 2 1 2 1 1 1 2 23 76.7
| 500 | - — — 3 1 - — 1 2 2 9 30
dendrolimus 250 30 — — —_ —_ 1 — 1 — — 2 4 . 13.3
125 0| — — - = 1 - - = - = 1 33
| 625 30| - — — — - - - = - - 0 0
B0 | 30|26 2 2 — — — = — - _ 30 100
10 | 30 4 4 2 1 5 4 1 —= 4 1 26 86.7
kurstaki 2 30 1 1 — — — 2 5 — 3 1 13 | 43.3
04 | — — = — 1 1 - - 1 - 3. 10
008 30| —- — — — 1 — - — — - 1 33
dendrolimusiz ol & AF EFM s 3 E g F, 2 Btkd AdA= A B, B W
o3 A= kwrstakiol #&£3 FF #HHS e Fz7 el whel LDspA 7+ < 60~3008) 712] & A3 =}
E Aoz iz o] 2 Yebd £ ke Rogoff(1969) 9 Dulmage (1981)
zE v o) & FERE aizawaisl oo ol e EXE 59 2aogE vlagd AWAq HFHEY As g m
Holate Aizawa(1975)9] BxdE HESE &Rl e 2 2AsNNA 2 HEELY A veEHew



Table 7. Mortality of the fourth instar larvae of B. mori in varieties of B. thuringiensis crystal protein.

varial AéJOP;gx. No. of No. of dead larvae with respect to each time (Hour) I’%gi[agf ;MO r‘} ality
epithet  |(pg/ml) |tested L.| 3 6 9 12 15 18 21 24 36 48 laﬁsge ‘ (%)
50 | % |1 — — 2 6 3 — — — — | 3 100
10 30 | 10 1 - 2 — 5 3 1 2 — j 24 80
aizawai 2 30 1 — —_ — 1 2 1 — 3 - 8 26.7
0.4 0| — - - - - 2 - - - - l 2 6.7
0.08 0| - = - - - - - - - - ’ 0 0
| 300 30 | 10 — — 7 2 - 3 1 1 1 25 83.3
150 3 3 1 — 2 2 2 4 2 1 1 18 60
dendrolimus 75 30 — 1 — — 2 — — — — 1 4 13.3
37.5 30 | — 1 - - = = = = 1 1 3 10
1875, 30 | — @ — @ — - - = = = = — 0 0
50 29 1 - - - - - - - - 30 | 100
b0 30 | 12 10 3 - = 1 1 1 2 - 30 100
kurstaki 2 | 30 1 3 - - 3 3 3 - 12 — 25 83.3
04 ' 3| — 1 - - 1 - 1 = 1 = 4| 13.3
0.08] 30 |- — — — 1 - - - - - 1| 3.3

Table 8. Mortality of the fifth instar larvae of H. cumea in varieties of B. thuringiensis spore and crystal

protein mixture.

varial Aé)prox. No. of No. of dead larvae with respect to each time (Hour) ﬁgtahf Mortality
onc. g
epithet  |(ug/mD) ftested L. 3 6 9 12 15 18 21 24 35 48 | Sead | (%)
500 | 30 I 4 3 1 2 1 1 1 1 — | 18] 60
250 ‘ 30 | 2 3 2 1 1 1 — 1 — J} 14 46.7
aizawai 125 ‘ 30 ' — 2 3 2 1 - — 1 — 3 i 12 40
62.5 | 30 | - 2 2 — — 1 1 — — 1 7 23.3
sLes 30 | — 1 2 — 1 -~ — — 1 6] w
50 30 7 2 3 — 1 1 1 1 2 — 18 60
10 30 4 2 1 — - — — 1 2 — 10 33.3
dendrolimus 2 30 1 1 — - 2 — — 1 2 — 7 23.3
0.4 30 — 1 - — 1 — — — 1 — 3 10
o8| 30| — — — — — 1 - = - = 1] 33
so0 | 30 12 3 1 2 3 11— = 25 | 83.3
10 30 6 2 2 — 3 3 2 1 — — 19 63. 3
kurstaki 2 30 2 — — — 1 — 1 — — — 4 13.3
0.4 30 1 — — — 1 — — — — — 2 6.7
0.08/ 30 | — — — — - — - — 1 - 3.3
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Table 9. Mortality of the fifth instar larvae of H. cunea in varieties of B. thuringiensis crystal protein.

varial Acpprox.ﬁ No. of } No. of dead larvae with respect to each time (Hour) g]gtal)f Mortality
. onc. | ‘ — S . A
epithet  |Gug/mD tested L. 3 6 9 12 15 18 21 24 36 48 | Sl | %)
s0 | 30| 3 3 2 2 2 3 1 1 — — | 17| 5.7
250 30 2 1 1 2 - 1 1 - 11| 36.7
aizawai 125 30 1 1 1 - 1 1 = 1 - - 6 | 20.0
625 30| — 1 1 1 =— 1 —= = — - 4 13.3
3L.25) 30 | — — 1 — — 1 = = = = 2| 67
50 30 /10 3 1 — 1 — 3 1 1 1 21 70
10 3 3 1 - 2 1 1 - 2 - 18 | 60
dendrolimus | 2 /3 2 - - 1 = 2 1 1 - 10 33.3
0.4 0| — . — - - 2 - — — 1 - 3 10
0.8 30| — — 1 — - - - 1 — - 2 6.7
50 3 |13 2 — 1 3 2 1 — — = 22 | 73.3
10 % 7 2 1 — 3 2 1 1 1 — 18 | 60
kurstaki 2 | 30 3 1 2 — 1 - - = 1 — 8 26.7
0.4 30 { T T 2 6.7
0.08] 30 | — — — — 1 - - — — = 1 3.3

Table 10. Mortality of the sixth instar larvae of H.

crystal protein mixture.

cunea in varieties

of B. thuringiensis spore and

varial jApprox. No. of No. of dead larvae with respect to each time (Hour) ggta})f Mortality
onc. y y:
epithet  (ug/mD jtested L. 3 6 9 12 15 18 =21 24 36 48 | Sod | B
500 30l 5 3 2 1 2 1 — - 3 - 17 | s67
250 30 3 2 1 1 1 - = = 1 1 1o | 333
aizawai | 125 30 | — 1 1 1 2 - 1 - - 1 7| 233
625, 3 - 1 1 — 1 — — — — = 3.1 10
3Lz 30 | — — — 1 = = = = = = 1 33
‘ 50 0 |1 — 1 2 2 3 — 1 — - 20 | 6.7
| 10 30 6 2 — 1 1 1 - 1 1 - 13 43.3
dendrolimus ‘ 2 30 2 - 1 - = 1 - = = = 4 13.3
[ 0.4 0 | - - - = = = 1 - - - 1 3.3
o8| 30— - — — = = = = = = 0] o
50 3 17 6 1 - 2 1 - 1 - 30 100
10 30 ' 8 4 1 1 1 1 - = 1 — 17 56.7
kurstaki 2 ] 5 2 - 1 — 2 — 1 - - 11 36.7
0.4 3 2 1 = - = 1 = — = = 4 | 133
| 0.08 30 1T - = = - - — 1 - = 2 6.7
= dE A & Fdd daAe B ZRh
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Table 11. Mortality of the sixth instar larvae of H. cunea in varieties of B. thuringiensis crystal protein.

varial Agoglré)x. No. of No. of dead larvae with respect to each time (Hour) ggfalof Mortality
epithet | (ug/mDltested L] 3 6 9 12 15 18 21 24 36 48 lgff}fe (%
500 3 3 2 2 2 2 1 — 2 1 1 16 | 53.3
250 3, 2 2 1 1 1 — — 1 - 2 10 | 233
aizawai 125 3| 1 1 —-— 1 1 - 1 - — 1 6 | 20
625/ 3 | — — 1 — 1 - - — — - 2 | 67
3.2 30 | — @ — @ — — = = = = = 0 0
50 3 5 11 6 3 1 1 — — 1 - 28 | 93.3
10 30 4 7 3 4 3 3 1 — 1 — 2 | 86.7
dendrolimus| 2 30 1 1 - - 1 1 1 — 4 - 9 1 30
0.4 3, — 1 - - 1 1 — — 2 - 5 | 167
0.8 30 | — — — — - 1 - — — - 1 1 3.3
50 0/ 7 2 3 1 1 2 1 4 1 3| 25 8.3
10 3 4 2 1 1 — 2 — 2 — 1] 13| 43
kurstaki 2 3, 2 1 — 1 1 1 — 1 — 1. 8. 267
0.4 30 1 - 1 - - 1 —- = — — 1 '3 10
€8 3| — - - - 1 - = — — - . 1 3.3
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